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Application July 4, 1944, Serinl No, 543,454

18 Clatms. (Cl 250—1.76)

This invention relates to radio repenters and
more particularly td n system for intercepting
radio fmpulses or waves transmitted Ly radio
Jocating systems and for transmitting in response
thereto shmulated reflections of obstacles such
us aircrafts and ships.

In the copending applications of Edmond M,
Deloraine and Henrl G. Busignics, Serlal No.
436,846, flled March 20, 1942, and applicant's
copending application, Scrial No. 480,603, filed

| Mareh 26, 1043, pulse repeating and reflection

fajcifying systems are disclosed which gperate,
in response to the reception of iimpulses or waves
transmitted by a radio locating system, to trans-
} it return pulses or waves of such strength and
tinte retardation as to simulate a ship or alr-
craft at some sclected distance from the radlo
locating system, ‘These systems are particu-
iarly useful in warfare to mislead and confuse
tae operajors of encmy radio locating systems.

7t 15 one of the objccts of my present inven-
tlon to improve upon the reflection falsifying
systems of the oforementioned applications by
providing a system capable of producing falsify-
sug slgnals closely simulating the reflections that
might be expected of a convoy or squadron of
ships or aircraft, } ' .

Another object of the Invention is 1o provide
a method and mcans for producing in response
to the recepiion of radip impulses a composite
pulse signal simulating the reflection of a group
of reflecting obstucles and to effect substantially
continuous change in the signal to further simu-
late change in the posiilon of the obstacles as
might occur durlng maneuvering of ships or dur-
g flight of a squadron of aircralt.

‘Another object of the ihvention is to provide
a repeater system with means for indicating the
form of the received impulses and also the for-
mation of repeater signals and thelr timed rela-
tion with respect to the impulses, thereby en=
chling an operator to monitor the repeater ac-
cording to tlic form of the recelved impulse, the
character of the reflecting obstacle or obstacles

to be simulated and the apparent distance of the.

falsely Indicated obstacles from the radio locat-
ing system transmitting the radio impulses,
Still another object of the lnvention Is to pro-
vide a signal gencrator for producing compaosite
‘pulse signals,
The above and other objects ancillary thereto

wiil become more clear upon consideration of the

following detailed.description to be read in con-
nection with the nccompanying drawings,  in
which:
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Fig. 1 Is a schematic dlagram showing one of
the uses of the invention;

Fig. 2 is a schiematic block diagram of a com-
posite signal repeater according to the princi-
ples of the invention;

Flg. 3 1s & schematic wiring diagram of the
signal generating feature of the repeater;

Fig, 4 is n graphical illustration used in ex-
plaining the operation of the generator; and

Tig. 5 s a schemntic showing of the screcn
of an oscillograph of Fig. 2 showing the shapes
of a recelved pulsé and & composite pulse to be
transmitted in response thereto.

One of the uses of this invention is shown in
Fig. 1. Assume, for example, that the cnemy
has a radio locating system as indicated at 0
for transmitting impulses and for receiving and
indicating reflcctions of ghstacles such as ships
and aircraft, Such sysiems include means to
determine clevation, azimuth and distance of the
reflecting obstacle. According to the principles
of this invention, a -single alrplane 12 may be
provided with a radic rcpeater system {4 of the
character described In detatl hereinafter which
s capahle of detecting radio fmpulses and to
transmit in response thereto composite pulse
stgnals stmulating the reflections of & squadron
of airplancs in fiight. The radio repeater sys
tem, of course, may be carried by & small boat
or otherwise strategically located L0 simulate the
reflection of a convoy, squadron of warships or
a group of other reflecting obstacles and thereby
decelve and confuse the enemy. The composite
pulse signal preferably is made to constantly
vary in its appearance so as to sndicate reallsti-
cally the reflectlon of a group of obstacles in
motion, .

The block diagram of Fig. 2 shows schemati-
cally the parts of the radio repeater system of
the invention. A two-way antenna 15 is con-
nected ta a converter transmitter-receiver unit
18 assaciated with a local oseillaior (8 by which
radio frequency or ultra high frequency waves
are heat down to intermediate frequencies for
application to wide band L F. amplifier stages
20. For details of the parts (6, {8 and 20, refer-
ence may be made to my aforesaid copending
appleation Serial No. 480,603, T

Connected to the output 21 of the L F. stages
20 is an additional wide band L.F. stage 22 and
a detector 23. The output of the detector 23 is
connected to a video amplifier 24 which is con-
nected by line 25 to a signsal pulse generator 28
adapted to produce the cornposite pulse for simu-
1ating the reflection of & group of obstacles. The
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output 30 from the generator 26 includes a mov-
able contact 3¢ adapted to be maved sclectively
into circuit conncction with contacts 32 and 33,
When the clrcuit connection is through contacts
21, 32 the composite pulse produccd By gencra-
tor 28 is applicd to the convericr unit {8 for
transmission. When the clrcult conncction is
through contacts 31, 33 the compesite pulse sig-
nal Is applicd over line 34 through voltage divider
35 to n monitor amplifler 36, :

1t will be understood that in order to simulato
realistically the reflections of a group of obsta-

_ cles In response to & radio fmpulse, not only the
formation of the composite signal must bo pre-

detennined. bug alse the shape of the radjo im-
pulse and the time rclation between the slgnal
and such impulse must be checked. This is ac-
complished hy providing the system with a cath-
ode ray oscilloscope 40 having a sweep generator
42 connecied by line 43 to the output connection
2B of the amplifler 24, whereby the sweep poten-
tial produced for the oscilloscope is timed with
the reeeption of the radio fmpulses, Encrgy of

the received impulses Is also applied from the .

detector 23 over line 46 to the monlior amplificr
L8, Thus, the reccived impulse and also the gen-
erated signal may be applied across the deflect-
ing plates 47 and 48 of the oscilloscope, where-
by a trocing showing the shapes and the time
and amplitude relationship of the impulse and
stgnal can be viewed by the operator, While the
movable contnct 31 §s closed with contact 33 the
pulse sipnal penerated will not be transmitted.
This arrangement cnables the operator to first
monitor and thercby obtaln the desired formation
and amplitude of the composite signals and the

desired time relation thercof with respect to the

received impulses before transmission,

Durlng transmission, the composite pulse pro-
duced by the generator 26 {s applied through con-
tacts 31, 32 to the converter unit 16, During this
transmission, however, the signal pulse is nlso
applied through the converter to the I. I, stages
20 from which the cnergy is permitted to pass
through a narrow band I. I, stage 60 to a detec-
tor 62 connccted to the monitor amplifler 36.
During transmissicn, the I F. stage 50 responds
to the oUtpoing signal as well as to the Incoming
impulse and the connection 48 from thie detector
23 fceds an additlonal amount of the incoming
slpnal to the amplifier 38 so that when both the
outgoing and Incoming signals are about the
same amplitude on the oscilloscope, the ampli-
tude adjustment for {he composite pulse signal
is proper for most purposes. - The band of the
I. I, stage 50 belng narrow, {t will be clear that
when both the transmitted and received signals
are tuned to appear simultaneously at their max-
imum amplitudes they will then be at substan-
tially the same frequency. This adjustment of
frequency for the purpose of simulating reflec-
tions for radio locatlon systems is sufficiently ac-

curate for the purpose of the invention.

Referring now to Fig. 3 which shows a schie-
matle circult dlagram of the signal gencrator 26,
it will be noted that the video amplifier 24 s
shown at the input thereof as including a vacuum
tube having a control grid 53 fed with impulse
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energy 55 from detector 23. The pulse energy 55 -

is inverted as indicated at 56 and is applied over
anode output connection 54 through parallel con-
nections 57, 58 and 59 to a plurality of multivi-

brators 61, 62 and 63. These multivibrators are-

of a character common'y known as “flifp-fop”
oscillators and therefore need not be described

70

78

In detall except to point out that the time con-
stants of multivibrators aré controlled by ad-
Justable resfstors Ry, Rz and Ra respectively. By
properly adjusting these resistors, the multivi-
brators when triggered from a normal sinto of
operntion to o second state of- operation will cr.use
the multivibrators to return back to the normal
state of operalion nfter predetermined time de-
lnys nccording fo the adjustment of thelr respec=-
tive resistor, The multivibrators produce nega-
tive rectangular pulses 64, 65 and 66 respectively,
on the plate input circuits to which the neizative
synchronizing Impulse 58 {s applied, and positive
rectangular pulses 71, 12 and 13 respectively, on
opposiie plate output circuits 61, 68 and 63 re-
spectively.  The durations of the reclangular
pulscs are determined by the respective settings
of the resistors Ri, Ra and Ra which, in eflect,
control the time delay interval beiwecn the re-
ception of radio impulses and the transmission
of composite pulse signals. When the impulse
chergy §5 is of insufficient amplitude, the multi-
vibrators may fire at some sub-multiple of the

impulse repetition frequency hut this should nor- .
mally only occur when the receiver is mistuned -

or clse 15 too far away from the radio locating
station,

In order to provide variation in the composite
signal to produce the effcct of rolative movement
by the obstacles the reflections of which are to be
simulated, I provide for the continuous variation,
nt o slow rate, of the t!me constants of one of the
multivibrators. Ior this purpose, the output
voltage of & known forin of undulator 14 (Fig, 2)
45 applied through lne 15 and switch 16 to the
delay resistor Rz of multivibrator 62, for exam-
ple, the undulator comprising a known form of
resistor-capacity, lov frequency osclilator ar-
ranged to produce a complex undulation volt-
age. This undulated voltage applied to the re-
sistor Ra operates to vary the duration of the
rectanpular pulse 172 which, as herelnafter

pointed out in detail, alters continuously the for=

mation of the composite pulse signal,

The positive output pulses Ti, 72 and 13 are
applied to the grids of modulator tubes 81, 82
and 83 respectively. These tubes are mormally
biased at or near cut-off and are driven to satura-
tion hy. the rectangular pulses, The plates of
these tubes are connected In parallel by lines
84, 85 and §8 and the common output connection
88 thereof includes a choke coil 90 which produces
a negative pulse 82 In response to the leading edge
and a damped pulse wave 83 in response to the
trailing edge of each rectangular pulse, such 88
shown, for example by curve 1la (Fig, 3). As
the leading edge of pulse 11 Is applled to the
grid of modulator tube 8!, for example, current
{s drawn-through the choke coil 80 thereby pro-
ducing, during the initlal flow, the negative pulse
92, Since the trailing edge of pulse 11 is sharp,
this causes & sudden stoppage of current flow
through tube 81 producing the damped oscilla-
tion 93 to occur In the coll 90. - By closing switch
9% thereby connecting resistor 96 across the choke
cofl 90, & critically damped resonant circult Is
produced. This ¢hanges the wave form from that

shown by curve Tia to curve Tib, wherein o single .

positivé pulse 94 is produced in place of the
damped pulse wave 83. The amplitudes of the
pulses 93 or 94, as the case may be, are con-

trolled by variable potentiometers Pi, P2 and Ps -

assoclated with tubes 81, 82 and 83.
When the resuliing wave form produced by

the pulse generator is applied through circuit
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contacts 31 and 32 to the converter unit {6, the
H. F. oscillator thereof bursts into R. F. oscilla-
tion and the amplitude of this oscilintion is to a
large extent dependent on the amplitude ‘of the
plate voltage of such oscillator and the wave
formm generated by the pulse generator 20,

The oscillation of ihe transmitter will beat
against the local oscillator 18 to produce an inter-

"mediate frequency which is applied to the wide

band L. . stages 20, To avold singing of the

" repeater and improper triggering of the multi-

vibrators during composite signal generation and
transmisston, the system is provided with o block-
ing amplifier 100 (Fig. 2) which is fed by the
rectangular pulse 14 over conncction 102 from
the multtvibrator 61 which is ndjusted to pro-
vide the widest rectangular pulse. The Llocking
amplifier preferably includes an R-C circult
which fmposes a slight delay upon the reetangu-
lar pulse cnergy before 1t s applied to the I. F.
stage 22, ‘The positive rectangular pulse is in-
verted to negative polarity by the amplifier 100
and is applied to the grid of the I, I, stage 22

_whereby the stage {s blocked until transmission

of the composite signal is complete, .

It will be observed, however, that the narrow
band I. F. stage 59 is not blocked so that energy
of the composite pulse signal will be applied to
the defleeting eircuit of the oscilloscope 40 during
transmission, ) :

The operation of the system will be more clecar
to the reader upon considering the graphical
illustration of Fig. 4.. Cwrve a represents the
radio impulse energy 55 detected by the systom,
When this Impulse cnergy is applicd to the multi-
vibrator circuits, reclangular pulses T4, 72 and 13
of the diffcrent widths indlcated by curves b,
¢ and d are produced. When these rectangular
pulses are applied to the modulator circuits with
the swiich 85 closed, a pulse output according
to curves by, ¢ and di is produced, the positive
pulses of which combine to produce the com-
posite pulse 0. When the switch 95 Is open,
the resulting pulse output is according to the
curves of ba, ca2 and dz, the positive pulse wave of
which produces, when combined, the composite
pulse 112, ‘

Tt will be rioted that the composite signal 112
1s n more realistic reflection simulation of & group
of obstacles than the composite signal 119, These
are but two examples of several different forms of
composite pulses that may-be produced by making
varlous adjustments. It will also he understood
that while three multivibrator circuits are shown
that additional multivibrator clreuits may be
provided to add further to the composite signal
Iprmation.

The continuous variation produced by the
undulator 74 Is ndapted to vary the position of
one of the pulses or pulse trains relative to the
others produced by the pulse gencrator 26, This,
in effect, produces a realistlc variation in the
reflection sigral closely simulating the reflection
of a group of moving obstacles. Signal [12a, for
example, ilustrates the change produced in signal
112 by the change indicated in broken lnes 13
on curve C1.

Fig. 5 shows the appearance of the received
fmpulse and the outgoing signal as viewed upon
the screen of the oscllloscope 40. Since the re-
ceived impulse triggers the sweep of the oscillo
scope, the tracing from the right to the left first
traces the shape of the received impulse and then
the shape of the outgolng signal. The overlap-
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depends, of course, upen the amount of delay
introduced by the width of the rectangular pu'ses
and also the sweep rate of the oséilloscope, By
obscrving the scrcen of the oscilloscope, it Is
therefore possible for the operatur to adjust for
the desired delay, the proper power or amplitude
for the outgoing pulse signals and the rate of
change to be produced in the signal by the undu-
lator 74.

Trom the forenoing; it will be clear that ac-
cording to the principles of my invention it is
possible now to produce false reflections closely.
simulating the reflections that might be expected
of o glven groun of obstacles such as a squadron
of alrcraft or a convoy or squadron of ships, It
15 also possible by various adjustments to change
the composlte pulse signal to simulate various
sroupings of obstacles as well as relative move-

ment between the obstacles such as occur during -

the flight of o squadron of alrcraft and in the
maneuvering of a squadron of ships,

While I have shown and described the prin-
ciples of my fnvention in connection with spe-
cific apparatus, it will be understood that the
method of producing the composite slgnal may
be performed by other apparatus as well, For
cxample, the composite signal may be produced
by an arrangement of delay devices other than
rwtivibrators together with clipping clrcuits and

QfTerentintors or the lke for producing the de- .

sired pulses from which the composite signol s
preduced, It will be understood, thercfore, that
the specific apparatus herein shown and de-
seribed is Lo be regarded as fllustrative of the in-
ventlon only and not as Mmiting the scope of the
inventlon as set forth In the objects and the ap-
pended claims,

I claim:

1. The method of shmulating in response to a
train of radio impulscs the reficetions that would
be produced by a given group of reflecting ob-
stncles comprising producing a plurality of trains
of pulses, thning separately each train of pulses
with respect to the other trains of pulses to sim=
ulate by means of cach of sald trains of pulses
the reflection of one of sald obstaclcs according
to size and position thercof relative to the other
of sald pioup of cbstacles, and mixing sald
trains of pulses together to produce composite
signals simulating the reflection characteristics
of said group. i

2. The method deflned in clatm 1 wherein the
timing of sald trains of pulses includes the step
of varying continuously the timing of at least
one of sald tralns of pulses thereby simulating
relative movement of sald obstacles by the re-
sulting variations produced thercby in sald com-
posite signal.

3. The method defined in claim 1 wherein the
production of sald plurality of trains of pulses
includes the step of translating each pulse
thereof into a short damped pulse wave so that
when the trains of pulses are mixed correspond-
ing portions of the pulse waves will combine to
produce realistic reflections of a mixed group of
objects.

2. The method defined In elaim 1 wherein the
production of safd plurality of tralns of pulses
includes the step of translating each pulse there«
of into a short damped pulse wave, and the tim-
ing of each train of pulses includes the step of
varying substantially continuously the timing of
at least one of sald tralns, thereby producing
when said short damped pulse waves are com-

p.ne velation of the impulse and the signal pulses 78 bined a composite reflection signal the forma-
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" tlon of which varles continuously to simulate

realistically the reflection of a group of moving
obstacles, . .

5, A repeater system. for falsely simulating the
reflection of a group of obstacles In response to
a radio impulse comprising means for detecling
radio fmpulses, pulse gencerating means respon-
slve 10 cnevgy of a detected impulse to produce
a composite pulse signal simulating the reflec-
tion characteristics of satd group. of obstacles,

10

and means to transmit sald composite pulse sig- .

nual at substantially the samo earrier frequency
at which sald fmpulse was detected,

6. The system defined In clalm 5 wherein the
pulse generating means includes a plurality of
means each responsive Lo the recelved impulse to
produce n plurality of pulses cach of which I8
timed separately from the timing of the other of
snid pulses, and means for ecombining the pulscs
t1hus produced to form said composite slgnal,

7. The system defined In claim 5 whereln the
pulse generating means includes a plurality of
means each responsive to the recelved Impulse to
produce o plurality of pulses cach of which Is
timed separately from the timing of the other of
said pulses, means for combining the pulscs thus
produced to form sald composite signal, and
means varying the timing of at least one of said
pulse producing means, therchy producing
changes in the fornmiation of the composite rlg-
nals, '

8. The system defined in clalm 5 wherein the
pulse generating means Includes means for pro-
ducing differently timed damped pulse waves

and means to combine said waves to form sald

.composile pulse signal.
8. A repeater system for falsely simulating the
reflection on a group of obstacles in response to

18

20

26

30

a5

a train of radio impulses comprising means for .

detecting sald radio impulses, a plurality of pulse
renerating means each responsive to the encrgy
of a detected train of impulses to produce
a corresponding traln of pulses, the trains of
pulses each being timed separately from the

~other trains of pulses, means for mixing together

the pulse trains, whereby corresponding pulses
thereof combine to produce a train of composite
pulse signals simulating the reflection character-
istics of sald group of obstacles, and means to
transmit sald composite pulse signals at sub-
:stantially the same carrier frequency at which
suld impulses are detected. o

10. The system defined in claim 9 In combina-

dion with means for varying continuously the

timing of one of the pulse producing means,
-whereby the pulses produced thereby alter con-

40

48

responding in time to the leading and tralling
edges of sald rectangular pulses, means for mixing
the narrow width pulses corresponding to sald
tralling edges whereby they combine to produce
a train of composite pulse signals simulating
the reflectlon characteristics of snld group of
objects.

12, The system defined in claim 11 in combina- o

tion with means for producing a varying voltage;
and means fo. applying sald varying voltage to
one of said mu 'Vvibrators for varying the time
constants thered ', thereby changing continuously
the width of th rectangular pulses produced
thereby.

13. The system defi ~d In cladm 11 whereln the
means for translating said reclangular pulscs
includes a modulator tube having a grid clrcult
and a plate circull with a choke coll thereln, and
means for applying the rectanpular pulse energy
to the grid of sald tube, whereby a short damped
pulse wave §s produced In'said plate circulf in time
relation to the trailing edge of ench rectangular
pulse.

14. A composite slgnal producing gencrator
comprising a plurality of muitivibrators con-
nected together in parallel circult arrangement,
means for applying an impulse {0 said muliivi=
brators for trigrering them from a normal state
of operation to a second state of operation, each of
sald multivibrators having mcans to control the
time conslants thereof whereby tae multivibrators
may be ndjusted to return from the sccond state
of operation to sald normnl state of opcration
to produce rectangular pulscs of selected widths,
a plurality of means each for translating the
rectangulnr pulses produced by one of snid multi-
vibrators to produce narrow pulses corrésponding
in time with the leading and tralllng edges of
the rectangular pulses, and means for mixing the
pulse output of sald plurality of means, whereby
the narrow width pulses corresponding to the
tradling edges of sald rectangular pulses combine
to form the composite pulse signals,

16. The pulse generntor defined in claim 14
in combinaiion with undulator means having a
source of variable voltage, and means for apply-
ing sald variable voltage to the time constants
control means of at Jeast one of said muliivi-

 brators whereby the rectangular pulse produced

60

tinuously the formation cf the compasition pulse;

<hereby sliinulating movement by sald obstacles.
11. A repeater system for falsely simulating the
xeflection on & group of ohstacles in response to
a train of radlo impulses comprising means for
wietecting sald radio impulses, a plurality of pulse

rreneratling means each responsive to the energy

of a detected train of impulses to produce

:1-traln of pulses, each said pulse producing means

‘ncluding a multivibrator adapted to be triggered
ffrom a normal state of operation to a second state
«of operation by the enerzy of a detected impulse,

60

(3]

sald multivibrators each having different time .

constants whereby they revert back to said nor-
:mal state of operation at different time intervals
.after the triggering operation, thereby producing
= plurality of rectangular ptlses each differing
sin width from the others, means to translate said
rectangular pulses into narrow width pulses cor-

70

thereby Is varicd in width according to variations
in said voltage.

16. The signal generator deflned in claim 14
wherein each means for translating sald rece
tangular pulses includes a modulator tube have
ing n grid circuit and n plate circuit with s
choke coil therein, and means for applylng the
rectangular puise energy to the grid of sald tube,
whereby o short damped pulse wave s produced
in sald plate circuit in time relation to.the trail-
ing edge of each rectangular pulse,

17. A repeater system for falsely simulating the
reflection of a group of obstacles in response to
radio Impulses comprising means for detecting
radio impulses, a cathode ray oscilloscops, means
for producing a sweep potential for sald oscillo-
scope ‘timed to the reception of sald radio im-
pulses, pulse gencrating means responsive to
energy of each radio impulse to produce a pulse

signal simulating the reflection characteristics - -

of saild group of obstacles, a-deflecting circult for
cald oscillograph, and means for applying energy
of the detected impulses and the énergy of said
generated pulse signals to said deflection circuit,

“ whereby the formation of the detected impulses

8

may be observed and the formation and timing
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of the pulse signals with respect to said detected REFERENCES CITED
impulscs may be observed and monitored, and
means for transmitting sald pulse signals at The following references are of record in the
substantially the same carrfer frequency at which file of this patent:
sald tmpulses are detected, 8 .
18. The system defined {n ¢laim 17 in combina- UNITED STATES PATENTS
tion with means respounsive to operation of said Number Namea Date
pulse generating means for blocking the means 2,134,716  Gunn oo Nov, 1, 1938 »
for delecting radlo Impulses for the duration of 2,158,285 Koch ___.._ —————— May 18, 1939 |
the pulse signal, 10 2,145,332 Bedford ccvemeecnn. . Jan, 31, 1939 :
SVEN H. M. DODINGTON, . 2,252,083 LACK oo Aug, 12, 1941 * ;
. ;,’_'
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